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ABSTRACT

hornognity of their prediction equation; Cz be ued to Identify and describii therating Polig rja within a qe'6up atJ board of judgea, The tahni ai umsem the can.Asitency of ratings obtained from Individual judges, and Indicates the omontit @m11rdure of agreement between judges of groups M judges, A practical method in suq.96stsd for helping a board at committee to reach a consensus concerning how relevantfu ors shall he weighted In future situations so as to crry out Its final joint policy.£xamplea ors given to how how this tehnique can bo uod to determine th# ompoal-tion of a ervice school welection composite, to determine looter weights, for a jobe valuation plan, and to determine how Medan factors should he oombned Into a job.
oriented criterion composite,

Thlis rport has been reviewed and IN approvd,

Co nmandog 
T ~e n lc~l Director

1Iq 6.570th Pornowint Renrnrh 1,hotirtory
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JAN: A TJ2CV! WHE~ FTori ANAI-Y~t!V(lVil JUNIN, ENT'

'A~N (.ittrnin ANaiyil) Ii 1111i~ t powalfui toohniqu o ut~n o o
the ratinq P31001 t( Quist Within a board or oinittem of )udqmm. It aaa be. unod to help ktho

ZA mombrnerm of such boorda or vomtttaosle reach a conoonmuo and will expreas their finul join t policy
In a pro cime monfor,

JAN Ili a specali applicatlon of a toahnique developed by Dottenbara & ChritiW (1961) which
groupc Criteria III terlm of the homogeneity of their prediction equatfons. i The criterion- gromping
tuchniqueli is ac ;peclcd ppilotlon of a still more gonieai hierarchical grouping madel deiveloped byI Watd (9l.The reader IN refotred to theae PC-Perm for cormputailonai eXpremalofts.

Communication of the JAN concept aow he simplified by deocigiblng hoaw it might b&. upplld In
ahypotheticoal si1tuation. sup,6t a. ria wivra fqod with the problem of malecting the first aloes at
300 students for a niwly estallWL.hod service s0hooi. scoror r aroo~abia oi 15 21lectlon varifables

for ach f BOO aplicartsm A special board of 10 offlalarm hms homm, .3migamleA nnd ch~ : 1itU .the re'iponsibiliiy for determining how theme variahieoa ah-iI bt weighted Niqlher to computo the final

leclotion composite. Since this ir 4 now mchool, criterion dot" are unavallable. le.7iiver add
board member is familiar with the aaiauium to be oIfaor@4 and with the aadneral oaatloda f tho

In arder to met the stole for o discueuift'oll WAN, a portion of the proaeding will bt fabricated,
The letters MA, MO, co mo forth, will be used to refor to the individual board momibern,

The board hae boen ca.e,d t,, od*r, The chdirman he# YeOU1440d Mo.
M0' MO avidI would like to pro~ass a met of. weights for the hard's 11sdr~~nI thdise

waightm are used as a .heginlinAng point fInc our discussion, perhaps we can proceed Mote
rapidly.

Copies o1 the weightm are passed out to all board membeers, Mgmbers study the proposed weights,
MAi What Concerns me In the low weight you have assigned the Hilgh School Activities Index.,

After all, It's the only voilable ht the e&aiobattery that fneasures loadership.
MC, But we gave It a weight of three, and thdti's pretty high. It's almost an much weight Go we

give to all of the vorbal teats aombiaod.
MAi Yom, But the highest Activities Iridx seer.e I& oilly 301), whlu tlhe lovisf Moore" on the

verbal tests aro unually higher than 300, 1 think wi shlould weight the Actlvitioll Index by
at least 20.

COMMENTi Notice that this im a very powsrful argument, eon thoitqh It I* bomed on faloo prcmixs.
The board at this point does riot reoognize that ihw aifecit of an applied weight im influenced by the
standard devifition of the mocrce to he veiqhte and IN ri, t oosoiWWlV t to the meadn or Rim@
of the Aeoorea to he weigh~ted,

Tho board vtpromias on a ivelahl a/ 15 points lot tho Aotivitiox Index, The conference con-
tinuom, Various members argue lor ina~crsing or docreasinq the waiohia for certiIn vriahlem,
Comrnpouilmoa atse made, until, fioally, a ten tative Mot ol wolqgets In agieed upon. Am a hrk
thano. weighlts are aprplied 0? tho6 ix'orei lor ai sam ple of tho appflicants, Certain pyoullinrit4H,
are observed, which are fakon up dmrlnq the nmext day's~ mootinq.

taprindpriad wit!]~ v 11,1111c, 110
1
10FI V 41(1 01~, 1 IhI 4 hail nV p~qpvr pIroarinh11d uti o lnnuall mitiif

(iUii ntw nonPinvlqoi n-iiiovy itT mi,8ArlIU

nr. a H !,.;- Ypit~d ttl [w qr-twj mo il awrlljlkd rqrm drI



appi rontoi with ffin hiqlAPM oomniP01 i vuor*wi ,uudo Iti.41i fi lnA 4001 o11 h~mn htn i '

I dn't flihik wo tainul (I II nI L4lyoTIo viltoinf(tirn bol ow 4501 on thV Mritho ulon Apt4 It I
TPnst. 'Thoy wIll tiouvoi ptin our cii(Iiioarinq cnirriculunt.

MMi I think Ohm prohism 1I4 thot wr tire weighting the A01titnu Indox too iuvlu, Youi will natlep
that "Ul of thotie. oeex With low quntlativvtn orw have high AultiaIn m u

MAt Woii, I donr't think woo mouid lower the weight for the Activities Index, lt'n tho only siuiauI ore of leadaohip we have. Let' ,establish cutoffs on the varholf andt 'quntiiatIva test m,
some ~then we w ill vvetu ,,uo to nc pt ny c ndidate who A or arl b low our ent b li h d ul fix,

The board doin prrn;iaea by lowering the welohl on the ActiI'illon Index t) 12, and L.)v tmohileiinq
caIfAi of 4050 on tho Yorb-a) and quantitative tsutri. New canpuallil are computed int the sample
caos, cr h zrd unendHME: I don't likec this muitiple-cotoff tichil quit. I found several qpplioarti who wore high on

nearly all variables, but wIo wore disqualifiled because of a xirtqle verbal or niathono~tioit
___ eors of 440 or 445. We shiould make an asioeptlari and let tlhese cases in, After (1,1, how

much difieranon is there between a uiaors of 440 aend one, of 450?
M~i I Pffll, think we meo weighting the Activities Index too much. F'or some reasot' It cmms thatU an applicanit wIth high oco.-ax on all vcirlablos amompt the Activities Index comes out with

a low aampesit. $core.

Alter a prolongoddimoumnon, the chairmnr dvioldos that the weight lot Mhe Activitis Index will be
lowered to 8. anrl that the votoll seam~ will he lawerod to 40n.,

Th isconverationi hno been crnled far enough to make cloar certain pointm. Fivst, the board

atentative not of weights woo agreed upon. However, nou ern* was matisfied with thee results when
these wsighta wore applied to the applicant group, Reommendations from this point on were based
,3'Imariiv ornon the Individural board memabers' matinfaction or dissa~tsfation with the rank position
of app.Iicents If they 1lt t..iat particular appllante %,sre rankod too high or toe low, recomnienda-
tiara were mmd; "or chaniging wolgtm in a mannecr pt. diotcd to rectify the problem, Often all not,
the prop~zo changem either failed to resolve the problem, or created now problems.

When oni garo~u'ily analyzes the ihoard's actions, he comen to realize that the board should
lnt hnve been Lqmed to pnocwih in thr; it phurow lie main unern was that, whatever the
weights, the final seleation oonipomlto would rank appliaar.ts In a manner which is acceptable to
the board members, Rather thian arque over the relative weights to be cippli*d io tho c,,leution
variables, the hoard should have restricted its attention to the relatilv acceptability of cipplioontm
with rjlven protille of scores onm the selection testus, The Imnpact of aipplied weights on the final
rank-ordorinq of opplicanto Is a hlqhly complex matter which is Influenced by several thingsA, includ.
ing time woiad dvimi.oQns and interaorrelationo amonq the foelection variables. A sophlsticated
measurement payohologimt cannot solve for a 15-predictor regmeasnion equation In. hin head. Yot thiii
In, In offnat, what was required of th., board imemibers when they worm askad to dotorminn th. weights
to ba applied to tho selection tests.

Nor mlhauld the board membarn hnvn attempted to oritahlimh cutoff mcorofi, It may hao Irue that
appicantn bblow qivan inbora lovoiri on oartil vceiahlwi tend to be~omme unoooreptohle, reqamdnm
nf their nvorem on other variahlem, liowtver, there In no nleor huelsr fo,, deciding whoro fivarm cujtoff

tha fipliumi nhainnq icoom oit crtalin pointm wIll hilvo ii rampidly dcwroatimtq Iroluohili ty of

roovn oa oIoivm~rhq omhO h roti ni h ilnl h Inmlrml



14wil 1-d lauvo Vito wA1tini i-Pit woiqhtp to 1wRoleircr.d! by ccoolyh Iio iol

i'inw ticot tlico propar qrtircdwork hiAborin Icild, tho tim htim onmec to itim-Iah tho JAN

apprcoiaiey 150 mon maloatod at random iranc the total, applicant qroup., Thh card for eanh mianI lie te him 15 rnelactlon tool: ritoram and him identification nuibr-rothhnqncr~a irrevolant Infocicia-
lioin which might blam the rakior, mut-lh am~ thit. opp icant'r -la-.,, rovlgion, or iot town, is ortiltield,

NCxt, every member of the o card In. 91yvi a wet of theme cards. Board mrinbarm are aked to
study the test scores for snob of tho 150 applinevntm, and then rmik them fron 1 to 150. That is, a
board Mainher places the ajard on top which, in his judgment, JosarwieAs the applicant mont daesrving
to be acceptad-crid so on. The card he places on the bottom is assigned c rank of 150, and d"Moribon
the applicant who, in his judgment, is least qujalified. 4

Now let's consider this Information for on# of the raterm. After carefully xtudying tha? meleca
tin, .,rpiir~oi Mir has rncdecio oesmple of 150 applicante. MF' tin oiycn

captured byw usiry, fiho .4.Jction text variable#~ as predJvtci m and him ranking of the I5O apronto am
a aclierian varirthle, Thl4: simply requires cqimputation of a 15pei~sregreasion equation. The
magnitude of the obfalied! squared multiple oiorclatioll coefficient 03R2) indicates how well MF's
policy cant it trls ic,"d fin, this momple) usting a ~qisswie composite,

Observ, that MF had to render his Judgments solely on the basis of selection tst score infor-
motion, Nothing sex was provided to him, Under theme conditlons, he could not lii ;ve been biamed
cie h uaonhpht',ceii ft.fco:adppiataotabit .*by Information in the applicants' toiderm which the heard has judged to be Irrevelant, Perhaps of
more importance, hqWqvgr, is tile foot that one should he ahle to do a -*d joof ccounql o
MAP's evaluationso uuting the information which he Rtudied, In f nt, there arm 'only two reasions whly
one should not be tibia to predict Wins Judgments perfectly using them* data,

1imi ou, iy he that NP' considered certain intevvictioam cuciang the predictors, or that he per,

Under theme ,'rJ i ,,, it would not be poxmible to accourt for hMF's armigned evaluation sao=oi
unlessi the appropriate product or power terms wore Introduced Into fte equation. However, It is a
sinple matter to Iitroduce any such termx which are hypothsimed. For example, If It were hypothe.

UNI.IVuiacvpabl, rgadleroof how they soared on other tests, then squared Mema axe
Introdced Ito th equaioIIntroduction of squared termst causes a significant increase inr pre,

poibe to rceay tan f rmilwich foll expren his policy hahbn hpov, Noiethauldhbn

B~ut MAP Is only one of the 1f) motncbarm serving on our board. 'rho gool Is to obtain ai hnard
polica' no melectian''not one niati'm opinion. In order to quido the board to closure, tho firpt gatep

in to compute 10 sicpoate reginussion equrtions. E~ach of them* 10 equationer expreimon~ the policy of
oiiv of illo 10 judqem-acnd acwh eiquation could be timed to ronk tho entire W01 cipplicantm in ai manner
Which would pleaoe (it loapit noil of the i11 board menochorci.

,,c. A q-ocl im to Ocz c ,v cciII.c wlit,' fiI,.,, vr,~in~iino n woijbind9,c Ircl, i n irci wirmccf

fr'cii'ddcI'cI ith-.I. c "' ll t "i iilO wich Idc Y lcii nyc hicic l icnc or nhalcccy in '11 !tcciicc
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taaginutnq with tOwne f""ltin, the Il;i-nari~ ~ n -ndro te, o_
A 1O41 rf agroeneint vnd 011 eninrmrnt awnq i n.' iii hern. /P the fintt 4top, G alaqnJr v~lif

P1Im ~ o mputani whih Ad~tinr the tivinral .p illutivp offirliawy oh atnod vwhon c4 oWplrnte lmamt-
FqTim~--wmlIht~d rqanlon equation In used for each rotor. Dluring the second mtep, each equa-
tion Is compared with every other equation, I-% th!E =vv, thotwj rr oro jo.:tqd ,h ~aIn
c loeaet agreement concerning how the seleation veoticeo should he mighted to determine tho rela-
tive accept!iIity of applicants. These two rater a th lb.most hmeaiannarnom.i-M equationsm.m
The computer then determines the mingle equakilin that best represents the Joint policy of those, two
rotor, it also Indicates the overall lose In predictive efficiency that results when the original N
eqt clonR are replaced by tho hont met of N-1 equations, Tis !a accumpllshed by comparing the
magnitude of the overall 9;1 In the two instances,

In mobsequent opiprationns the program systematically reduceet the numbor oi prediction equa.
tions (or rater clustrm) by one, at each step so as to minimize the loss in overall prorlcilwttu &III.
0 ianoy. ip each instanca, the computer prints§ out an oveorull R 2, as well as the a nale equoi~n 1o
eI achi olustaul which boat represents the joint policy of all raters In that cluster, At the nt step, aU
mingle- predieadon equation Is generated so am toa expreas the Joint p~licy Gif all walrs with us 1llile
error as possible.

Examination of the loss In overall proecito efficiency at varlous stages of tha groupinig processI
will help to Identify the number of .raling policies *xiting mi~or. the board mambers. For example, 'I
very little overkill predictive efficieno) Is last In qainq from ton io two equations, but a considerable
amount w~ oiioncy ts last in going from two to ane evquation, there in strong evidence that two dif.
ferent rating policies me operating. That Is to say, some of the board members Oa urcIng one
weightin4 system and the rest a different weighting system. Of course the hope Is that. a mingle
equation can be found whigh predicts the criterion vmiiuee assigned by oil rater:a. In this ase the
beierd vould be dismissed without further ado, minus; their single agroted-v * on policy wou14 have
been determined, However, should mars, than one rating policy be fotund to ,ximt, tho board Is nci
aked to arbitrate the differences in weights. Rather, the several equations are used to rank the
applcar" mcipe Und thV buwd In asked to arbirate the difference, In the ranI poition of cquse

resulting from application of these meveral eiquations, Once a single agreed-upon rank-ordering of

the sample ho: besn obtained, It In a simple matter to determine the appropriate set of weights forI

Thz JAN tachnique eabales thk; mnv igmatato mack. a Vioiupete Urialynis uf Intierre Oi 4e-
men t. As a matter of fact, resulto of the first stop alone indicate the amount of agreement between
each rater and every other rater,

We have seen that a situation moy exist viMoro the leval -'1 intorrator oeent ainong the
entire sample of roten im low, but where the rater: can be divided into two or miore groupm within
ecao which there In high agreement. Conventional analysis tichniquibs for determintrig interrater

a greement would not detect this situation, The JAN approach will not only Identify the gruup,-, hatt

will at the same timv, provide equations expressing the different rating poiiic.
So far, only one exampla ham heen given illustrating how JAN mIghi he used, But thin Air Force

In constantly valliac boardos tngothar to determine how varlobien should be welighted for making deci-
alcom Who should hi prarnitecl? What specialties should receive proficiency pay'? Who should he
given a rogilear comnilselon? What tathe grade rearinnafor ba? Which oicap b rn hould he

Vw..t - l. ,ntjro, ot ... ti~ly lino" .11Liwl4 I him fi ria Alt p Im to, o t allgt, *"il of tb .he
hE 0 1 n~"Itrrlatoi waymi ofi rsdup,,, n fin ii,,,,har qfil ini m IIra, /N to N,1, Any noa o1 th,,n,, wayrr Invni o

prelii n o ti,. orut! on nhnlot,,d! iii ,n- ~rr prorfirat r, pip r i w,,orhoi,',, Ill l , t t rroi

a' 'I"porao i lov tinI I i,,lmn for rio n1ih the rim[ininq N-:hn
nion,,hr,'. 'I'lo rind roinrlt I &n 1- , t o,,. tnhat wh,!,',h ""mild ) h riflrd by t..p-h io r0,.ttinr,,

h. , !!:Th.n. ... .... ,U i In i ot forth Ar, ti,!, Olip r.
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qivt'il i~o~iIIyp'y ihFAun1in kt' nIl mimh rhowfui invftve' 0191,q th", 111illi"Rt oy n'iliiit
weighting tacgather of atorn judged to ho rflvakit fnr n~aiii Oma i;Iiti,~ If thwil
foelora Llr m ciao rarplfrlt, than JAN can ha 1- ur'to hrAip fiuclA1, bofw.ai eurAA a t c i ui Moreovar,
the JAN approach ronuitm lit a praoi ntatomont of the tookrm and wolqhth to he mamd in carryintl

out thit lboardfs em natn,
Very ofteva a~ goup'. policy can be captured by having It rate a stories of aimulated oituationx.

development aoritract In whith siarise on hypcthecied a rr v it ora are simaply aribed
to a sample of several hundred pseudo-dnnumbenis preaumahly working In a particular Air Force
a pocialty? Suparyieors lit thin Ppecialty will be asked to sttudv the resulting mc/bre profiles and

mak o a global evir1uatlon of the worth or eiffectivenessm of such simulated Incumhent, Then the JAN
tchnitque will be applied to deterie which factoais hould be* weighted into an aceptalhic ctite-

oftreqiige~not t tn.In composite for use In the lineclalty. This approach tt, eriterion davelopmmnk ham the advantage

of no req uii onvi, !!anter ite t o maes N W te hnq e h alaeen ppi (umaen NW"O 0

Wtrk preq meant f~r anntr hew~ra d a ikly ad iedat For ncurp sonI ah vstudyI ~ Anlr F .

offiy er uoheAiao sem Thinbe irs thate puhresrent .bgos cnts tohedatn supeialr
tranin Ind u mae th ratpoibngs,,adwokngoiito.Asmpeo

A ob e jlutitwas nano c~the~ aeto andc te JAN erehnoie hamh boon apgiaed y addm 90-
Woutineqitrmen rtin c factor. do nio am le cniate oe cuin nareie Air Poro. manadStfColg

wfier jobevaute o u yt rofle Ten ratr eco tuhe ereiondln aom foma eucatiso, seial

Airmorenhan wn riiuedn ov le theov faAor@ tn echnoie frea jobl oo getnsta ed to ctre-

betweeon 2f1 and i-O peoemnt of the variance in the ratings made by thoso Individual officers. Further-
rolire, a groat deal of almilarity was found in the raters' policies concerning which factors should
ietermine the pay level for Air Force Jobs.U

The aplitcitno of TAN1 suggested In this paper have related t~o Air Force problemsa, but It

ohould be apparart U-,~ tualiniqual Is generally applicable to any'situation where a committeeI
or board wishes to expresa Its policy vanctirning how relevant fuctors, shall 6P ganmn@ nadr maktnq

subsequent declisionst
The tehnique also can be use4 to analyze and describe the similarities and diffe-Oca mon

retinas eoliectad fGam Individuals who are separated by timea or space, and who In no way can ha
aonsildered, as bolng inambern of a board or committee, Perhapsa it could he used to rinrdymr un-

tomne rs p, eforwaoos for combinations of commadity aharacteristicri or to analyse voters' prefifrences
for certain aharatateristics lin real or ximulaoed political candidates,

Finally, It should be rerargnlzed thot, application of the JAN technique to large problems Is
not feamiile without u00 of on alaronlo data processing machine, H-owever, most inveatigators
n ow have acesm to computers, and studies of the type discunfled are easily accomplished. If a
board of 10 judges each made 1.50 ovaluationa based on 15 factors, it is estimated that a complete
analysis of tho data using the JAN technique would take lost% than five inutnm uning " madem
computmr coinparabla -1c the IS~M 7090,~

In4 Am r inori t vii ntl r n atdi lin j iiit I 'Wa'r tiradfl a siiq Wa bl o tnp1riant lbs b'.11Gir
tit rnal,'ivi psapln, nowo iiviiinAud totni) tii,;n'' of owi nwn,"

M u i t d n s it i i i t a Vil a lun n n , a s P a i o 10r t r an 7A MP ~ I t In q i r o i ii mt # j j ii r A l ,1 1 6~ n ~ n i
tirritinl n ioniflo hy Wrt tin a in tho, 15i'7ith Pr ',,,n fI -w IA T,. ol'A sIoir~fat ri titl~, n oirin prmirry
aiaf WrL ''in hy MW. D"1eni

1  
ril inny ir,,low, litn;ur n r l r at i of .f ir, lo , Ward,, ;r.
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